first reported the association of maternal rubella in early pregnancy and congenital malformation. Subsequent authors described additional defects, including cardiac malformation, microcephaly, and deaf mutism (Swan et al., 1943) . Persistence of the ductus arteriosus was thought to be the most common cardiac lesion (Campbell, 1961) , but the more widespread use of cardiac catheterization and angiocardiography eventually led to an appreciation of the importance of stenoses of pulmonary arteries (Franch and Gay, 1963; Rowe, 1963; Venables, 1964 Venables, , 1965 Rowe et al., 1966) . In two recent reports (Rowe, 1966; Hastreiter et al., 1967) pulmonary artery stenosis was considered to be more frequent than persistence of the ductus arteriosus.
Systemic artery involvement in the rubella syndrome has been described by a few authors. Campbell (1965) described diffuse arterial changes at necropsy in a 3-month-old infant, while Menser et al. (1966) described a child with renal artery stenosis and systemic hypertension secondary to maternal rubella. Reviewing the vascular lesions secondary to maternal rubella at necropsy, Esterly and Oppenheimer (1967) found 8 out of 13 had systemic artery lesions. In angiographic observations in children with cardiovascular lesions due to the rubella syndrome, Hastreiter et al. (1967) found evidence of hypoplasia of the aortic isthmus in 16 per cent of their cases. They were impressed by the absence of disease of the aortic valve and proximal aorta in their series.
The present report describes 2 rubella-affected children with supravalvular aortic stenosis. 2552 g., was born on November 12, 1965, after a pregnancy complicated by rubella during the first month. The infant had all the stigmata of a severe congenital rubella.
At the age of 1 month, after an attack of bronchopneumonia and congestive heart failure, he was referred to Johns Hopkins Hospital. Physical examination then showed signs of persistent ductus arteriosus, with pulmonary hypertension and congestive heart failure. An electrocardiogram showed a mean frontal plane axis of -50, left atrial enlargement, and biventricular hypertrophy. The heart was moderately enlarged (cardiothoracic ratio 0 60) and the lungs were plethoric. Rubella virus was isolated from the throat, urine, eye, and bone-marrow.
At Necropsy. The heart was enlarged. The valves appeared normal, as did the myocardium. Opaque medium was injected into the pulmonary arteries, and x-rays were taken. These showed stenosis of the origin of the main pulmonary artery branches where the lumen was reduced to 50 per cent of the internal diameter. Microscopical examination.* Intimal proliferation and disruption of elastic tissue, with splitting of internal elastic lamina, was present in the branches of the pulmonary arteries. Intimal proliferation of varying degree was also seen in almost all of the systemic arteries, including the coronary arteries, renal arteries, abdominal aorta, and the thoracic aorta. In the ascending aorta, the intimal changes were marked, and the lumen was significantly narrowed (Fig. 1) . Rubella virus was isolated from the cerebrospinal fluid, brain, bone-marrow, spleen, stomach, and thymus.
Case 2. This Negro boy was first seen in the Cardiac Clinic at the age of 2 months for evaluation of a heart murmur. The pregnancy was uncomplicated, and the boy, born on November 29, 1964, weighed 3175 g. The child had an uneventful neonatal period except for an upper respiratory tract infection at the age of 4 weeks, for which he was seen at the Cardiac Clinic. Physical examination at that time showed a grade 2/6 ejection systolic murmur, best heard at the base. The murmur was well transmitted to the axilla and apex. The second sound was normally split. An electrocardiogram showed sinus rhythm, a mean frontal plane axis of +900, and slight left ventricular dominance. A chest x-ray showed * This material has been reported as Case 9 by Esterly and Oppenheimer (1967) . a cardiothoracic ratio of 054, with slight left ventricular enlargement. Studies for rubella antibodies at the age of 1 year were positive. The child has been seen since in the clinic at regular intervals and has been completely asymptomatic. Physical examination at the age of 21 years showed a weight of 13 kg. and height of 89 cm. Blood pressure was 100/70 mm. Hg. A systolic thrill was palpable in both carotid arteries and in the suprasternal notch. The second sound was normally split and had normal intensity. A grade 2/6 ejection systolic murmur was best heard at the base and was transmitted well to the neck and both axillae. The chest x-ray showed a cardiothoracic ratio of 0-60, and lung vascularity was within normal limits. The electrocardiogram showed sinus rhythm and no evidence of chamber enlargement. Calcium level was 10-3 mg./100 ml., and phosphorus level was 6-0 mg./100 ml.
At cardiac catheterization, blood oxygen saturations and cine-angiograms revealed no shunts. A peak systolic pressure difference of 6 and 9 mm. Hg between the main pulmonary artery and left pulmonary artery and right pulmonary artery was noted. supravalvular aortic stenosis (Fig. 2) . The pulmonary arteriogram failed to show any evidence of stenosis. DISCUSSION Even though systemic arterial involvement in rubella has been recorded (Campbell, 1965; Esterly and Oppenheimer, 1967; Menser et al., 1966) , supravalvular aortic stenosis has not been described as part of the syndrome. Rowe et al. (1966) suspected supravalvular involvement at angiography in 2 of their patients but were unable to confirm the lesion. The 2 cases of the present communication, seen since the earlier paper, illustrate this type of aortic involvement in the rubella syndrome.
In affected infants, cine-angiograms may show only minimal changes, and at necropsy the gross appearance is often normal. The angiogram in our first case showed only an equivocally suspicious area above the aortic valve, but at later histological examination, intimal proliferation in this region was pronounced (Fig. 1) .
Histological lesions of conducting arteries in congenital rubella were described in detail by Campbell (1965) . Similar morphological vascular appearances may be seen in a variety of other conditions, such as hypercalcaemia (Rashkind, Golinko, and Arcasoy, 1961) , fibromuscular stenosis of renal arteries (Hunt et al., 1962) , copper deficiency (Carlton and Henderson, 1963), Friedreich's ataxia (James and Fisch, 1963) , and muscular dystrophy (James, 1962) . Because the same morphology can result from a variety of stimuli, Rowe et al. (1966) speculated that a common factor, such as an interference with muscle and elastin formation, might be operative.
There are many morphological similarities between the vascular lesions of rubella and those of idiopathic infantile hypercalcaemia of infancy. A frequent late result of infantile hypercalcaemia is fairly marked supravalvular aortic and marked bilateral pulmonary arterial stenosis (Antia et al., 1967; Beuren et al., 1964; Garcia et al., 1964) .
During infancy, however, while the aortic lesion is severe, the pulmonary arteries are only minimally affected. On the other hand, in rubella, pulmonary artery involvement is by far the most common vascular lesion (Rowe, 1966; Hastreiter et al., 1967) and is usually extensive and obvious early in infancy, whereas supravalvular aortic stenosis is not only rare but is minimal.
Since there is a difference in the vascular involvement in rubella and infantile hypercalcaemia, consideration is needed of factors that may modify the clinical expression of the vascular defect. In rubella cardiovascular disease, there are reasonable grounds to believe that an essential element in pathogenesis is the presence of rubella virus in the cells of the vessel. In the supravalvular aortic stenosis syndrome related to infantile hypercalcaemia, the aetiological factors are less clear, but present evidence incriminates some disturbance of vitamin D calcium homeostasis (Antia et al., 1967) . In rubella cases an unusual opportunity may exist for concentration of virus in pulmonary arteries in foetal life. In a low flow and low velocity system such as the foetal pulmonary circuit, a situation may develop where either the clearance rate of virus particles is reduced or endothelial transfer of virus may be enhanced. Rubella virus retards the growth of infected cells without necessarily affecting their morphological characteristics (Naeye and Blanc, 1965) , so that the number of vascular smooth muscle cells might be reduced in congenital rubella in a way such as has been shown for striated muscle in this disorder (Cheek, 1968) . A reduced number of cells in the pulmonary artery divisions could result in hypoplasia of the branches, and these changes could be magnified during the postnatal period by haemodynamic factors such as increasing flow. On the other hand, in the foetal systemic circuit, a relatively high velocity flow may minimize the concentration of virus in conducting arteries except in areas where turbulence might permit invasion, as for example, at the aortic root or in renal arteries. Postnatally, the progression of the lesion seems to be determined by haemodynamic factors-rather than continued excretion of virus by the infant.
It might be expected that in a metabolic disorder such as infantile hypercalcaemia the effects on conducting vessels initially might be uniform, and that the expression of the disease would more likely be influenced by postnatal haemodynamics. This would support the findings in vitamin D intoxication in older children or animals (Friedman and Roberts, 1966; Gillman and Gilbert, 1956) where the worst damage is at points of stress in the ascending aorta and other systemic branches. Though damage to the matrix of the vessel wall is probably similar in both circulations in infantile hypercalcaemia, the development of pulmonary arterial stenosis appears to be slow. This difference in the clinical expression in two circuits could be explained if hypercalcaemia damage were principally postnatal, when the pressure in the pulmonary artery is lower than in the aortic artery.
Two infants with supravalvular aortic stenosis, as part of the congenital rubella syndrome, are reported. Rubella virus was isolated from one, and the other showed significant increase in titre for rubella antibodies. Angiographic appearances were conclusive in one case, and the other, at necropsy, showed proliferation and splitting of internal elastic lamina just above the aortic valve.
Morphological appearance of the arterial lesions in congenital rubella and infantile hypercalcaemia is similar, but the distribution of the arterial lesion is different. Prenatal and postnatal factors appear to influence the clinical expression of the arterial involvement in these disorders. Haemodynamic factors, such as flow, velocity, and pressure, may play a significant role in pathogenesis. 
